Introduction
Peritonsillar abscess (PTA) is the most common otorhinolaryngological (ORL) infection requiring hospitalization [1, 2] . Despite the high incidence, the aetiology of PTA is controversial. PTA is traditionally regarded as a purulent complication of acute tonsillitis (AT). However, no evidence supports this theory [3] . A presumption was raised over two decades ago that the development of PTA could be associated with an infection of Weber's glands [1, 2] .
Weber's glands (group of 20-25 mucous salivary glands) are located in the peritonsillar space [2] . The precise location of these minor salivary glands and the histological findings in the tonsil of PTA patients are presented only in few, uncontrolled studies [2] [3] [4] .
Minor salivary glands are localized at the upper, middle, and lower portions of the peritonsillar space [3] . Patients with PTA present with inflammation and fibrosis of minor salivary glands in the inflamed tissue surrounding the tonsils [4, 5] . El Saied et al. showed that both serum and pus amylase levels are highly elevated in patients with PTA, compared with deep neck abscesses and dental abscesses [6, 7] .
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These observations strengthen the theory about the role of infection of minor salivary glands in PTA.
Recently, in a large cohort, PTA incidence did not increase during winter when AT infections occurred more often [8] . It is also known that AT is usually bilateral, whereas PTA is, with very few exceptions, unilateral [9, 10] . PTA can also occur in patients with no tonsil tissue left after tonsillectomy (TE) [11] . All these results support the theory that PTA is not necessarily a complication of AT, and therefore should not be treated by TE. Conversely, it may originate from the minor salivary glands, and factors such as smoking or periodontal disease, or other currently unidentified causes, may be the predisposing factors [12, 13] .
The purpose of this study was to explore the possible differences in tonsil tissue between patients with PTA, AT, and chronic tonsillitis (CT). Inflammation and erosion of the minor salivary glands in PTA patients would support the role of minor salivary glands in the pathogenesis of PTA.
Materials and methods
The study material consisted of tonsil samples of 278 patients, who had undergone TE at the ORL clinic of Helsinki University Hospital in 2012 and 2015. Indications for TE were recurrent AT, CT, and PTA. The tonsils were originally collected for a human papilloma virus study. The Ethics Committee of Helsinki University Hospital approved the former and present study. All patients had given their informed written consent when participating in the original study for the use of their samples also in future studies.
For the current study, a total of 124 samples were selected from the original 278 patients and divided into three groups based on the diagnosis: PTA, CT, and AT. First, we selected all PTA patients, fulfilling the inclusion criteria, from the original 278 patients. For the two control groups, we included all AT and CT patients with the same age range as PTA patients (18.47-69.48 ). Hence, we studied three groups with nearly the same size and the same age range. Exclusion criteria were age under 18 years, previous tonsillotomy, insufficient amount of tonsil tissue for histological analysis, a suspicion of malignancy, or multiple ORL diagnosis. Patients' medical records were reviewed. All patients had completed a questionnaire including questions concerning their general overall health, medications, and smoking habits. Patients typically underwent TE approximately 6 months (mean 6.25 months, median 6 months, min 1 month, max 13 months) after the diagnosis and decision to have the operation. During TE, one tonsil was resected as a specimen for this study. Immediately after TE, the tonsils were formalin fixed and after fixation cut into two to four sections depending on the tonsil's size. The tonsils were embedded in paraffin. For histological examination, 4 µm slides were cut from paraffin-embedded tissue blocks and stained with haematoxylin and eosin for histological examination. A total of 114 tonsils were available for analyses: we analysed two to four slides per patient depending on the tonsil size. All prepared slides were examined in the study for the presence of minor salivary glands as well as the location of the glands. Inflammation, degenerative and fibrotic changes of minor salivary glands, as well as the possible histological changes in the salivary ductus, were also reported. Inflammation was defined as leukocyte infiltration into minor salivary glands. The degree of inflammation was graded as none, moderate, or severe. Both periductal and acinar inflammations were separately evaluated. Statistical calculations were performed by NCSS 8 (Kaysville, Utah, USA) 2012 statistical analysis software using the Chi square-test. p values <0.05 were considered to be significant.
Results
Altogether, 114 patients were included in this study. Age, gender, data on smoking habits (currently, never, previously), duration of the symptoms prior to PTA, and prior antibiotic treatment were obtained from the patient records (Table 1) . Alcohol consumption was not considered in the questionnaire. There was no mention about alcohol overuse or periodontal disease in any patient record reviewed.
Minor salivary glands were identified in 77 (67.5%) tonsil samples. In 20 (17.5%), minor salivary glands were observed also deeper in the smooth muscle tissue. There was no significant difference in the presence of minor salivary glands between the three subgroups (p = 0.372). Glands located superficially, near the tonsillar tissue, showed signs of infection in 73 (94.8%) patients. Only three (15.0%) of the deeper glands in the peritonsillar space were inflamed. The inflammation signs were stronger near the tonsillar tissue than in the deeper peritonsillar space. The PTA group demonstrated more intense periductal inflammation (82.1%) than the AT (57.1%) or CT group (42.9%) (p = 0.011) (Fig. 1) . The amount of inflammation around the acinar structures was equal in all subgroups, PTA (50%, AT (60%) and CT (57.1%) (p = 0.725). There were no statistical differences in the presence of minor salivary glands (p = 0.970) or in periductal inflammation signs (p = 0.211) between patients who had undergone TE after the first PTA episode and patients who had suffered from multiple (2 or 3) PTAs before TE. Altogether 21 (53.8%) of the PTA patients analysed tonsils were from the same side where the abscess had existed. They demonstrated salivary glands in 81.0% of the samples, while analysing tonsils from the non-abscess side we observed minor salivary glands in only 61.1% of the samples (p = 0.170). Inflammation of the salivary glands was shown in 94.1% of the salivary glands analysed from the same side than the existence of abscess and in 100% of those analysed from the non-infected side. The difference was not statistically significant (p = 0.413). Fibrosis and degeneration were observed only in a couple of specimens (fibrosis in 20, degeneration in 8), so subgroup analysis was unreliable. Actinomyces-like bacteria existed in 62 (54.5%) specimens (Fig. 2) . The presence of actinomyces-like bacteria was the same in all subgroups.
In our data, smoking habits had no effect on the presence of salivary glands (superficial 67.5% or deeper 18.6%) (p = 0.964, p = 0.171), inflammation of salivary glands (periductal or acinar) (p = 0.758, p = 0.115), or the presence of actinomyces (53.5%, p = 0.988). The effects of smoking on the duration of symptoms before PTA diagnosis could not be analysed reliably because of the small number of evaluated patients. 
Discussion
We identified minor salivary glands in most (67.5%) of the 114 tonsil specimens collected after TE due to recurrent AT, CT, or PTA. In addition to superficially located, near the tonsil, salivary glands, we also detected minor salivary glands deeper in the tissue between the muscle fibres, which has not been reported in previous studies. We found a significant difference in periductal infection between the PTA group and AT or CT groups. In this study, we have proven the speculation that minor salivary glands are located close to the tonsils with a commendable number of samples. The fact that the tonsils were collected after a mean 6 months' waiting period, especially concerning the PTA samples, may be considered to be a limitation of the study. We were unable to evaluate the glands' location accurately as in the lower, upper, or middle portions of the peritonsillar space, because specimens were not marked during TE. We, however, identified minor salivary glands in multiple locations in the peritonsillar space which supports Kraitrakul et al.'s findings on minor salivary glands being located all over the peritonsillar space [3] .
Kraitrakul et al. have previously identified small salivary glands in 96.4% of all patients, but they analysed both tonsils while we analysed only one per patient. Observing only one tonsil, they found small salivary glands from 87.3 to 90.9% of patients which is quite concordant with our findings. Also, the fact that a variety of surgeons performed the TEs may impact the number of glands found depending on how the tonsil was dissected. In Kraitrakul et al.'s study, minor salivary glands were found from all portions of the peritonsillar space. Though the distribution varied between the patients, there was no predominant pattern [3] . In our study, inflammation of the glands in the peritonsillar tissue was evident, and the PTA group demonstrated more periductal inflammation than other subgroups. Few small, uncontrolled studies have shown an undefined inflammation of minor salivary glands among PTA patients [2, 4] . Kraitrakul et al. also reported a slight inflammation in the periductal space, but failed to observe these changes in their three PTA patients, or any fibrotic or degenerative changes [3] . In our study, we also identified some fibrotic and degenerative changes, but their significance remains unclear due to small sample size. In recent years, the aetiology of PTA has been speculated but no consensus exists. Findings supporting the different aetiologies have been introduced: High amylase levels in the peritonsillar pus aspirate and the presence of minor salivary glands with signs of infection in the peritonsillar space indicate the role of minor salivary glands in PTA. The fact that the same pathogens are found both in the pus aspirate and in both tonsils supports the aetiology of bilateral tonsillar infection behind PTA. The tonsillar aetiology is also supported by the possible preventive effect of antibiotic treatment in the development of PTA [1, 3, 9, [14] [15] [16] .
The PTA group's age distribution in our study was similar to that reported in the literature. The distribution of gender in our study differs from previous studies which have demonstrated male predominance [17] [18] [19] . The age of the other subgroups (AT, CT) could not be analysed reliably, because they were formed based on the age range. Previous studies have, however, reported equal range and median age in AT, as in our study [20] . Several studies have showed the predominance of smoking among PTA patients compared to the whole population and our results agree with these. We also noted a predominance of ex-smokers (quit <15 years ago) in PTA patients [12, 21, 22] .
In PTA and deep neck abscess patients, the prevalence of actinomyces-like bacteria has been shown to be 23% when measured/analysed from pus [23] . Histological analysis of tonsillar tissue in CT and sleep apnoea patients has revealed the presence of actinomyces-like bacteria in 35.6-40.6%. These numbers are a little lower than those in our data, but are concordant with the previous literature [24, 25] . A recent study also surprisingly showed that the proportion of actinomyces-like bacteria of all bacteria was lower in smokers [26] . In our material, we were unable to find a single factor affecting the presence of actinomyces-like bacteria in peritonsillar tissue. As such, the role of actinomyces-like bacteria in tonsillar diseases remains unclear.
Conclusion
When observing tonsil specimens collected after TE due to recurrent AT, CT, or PTA, minor salivary glands could be identified in most (67.5%) of the 114 samples. The infected glands were located mostly superficially, but deeper location of the glands could also be seen. Periductal inflammation in the small salivary glands was prominent in the PTA group when compared with the AT and CT groups. These findings support the theory that PTAs may indeed originate from the infection of minor salivary glands. To better understand the clinical impact of these glands and any difference between patient groups, tonsillar samples from patients with acute tonsillar or peritonsillar infection should be collected and analysed.
